Changes in the thiamin contents in three types of porcine muscle and porcine liver during growth were investigated. The muscular thiamin content was lower at the newborn stage than at fetal stage, and increased after the weaning period. The liver thiamin content, however, remained unchanged from the fetal stage to 5 months old. The changes in thiamin contents were different between Landrace and Meishan pigs.
The thiamin content was determined by high-performance liquid chromatography (HPLC) based on the previously described procedure.
3) Briefly, thiamin was extracted by an HCl and thiourea solution, treated by Taka-Diastase, and purified in a cation-exchange column of Bond Elute Jr SCX (Varian, Palo Alto, CA, USA). Each sample was then applied to reversed-phase HPLC, using a C18 column and a spectrofluorometric detector set at 375 nm for excitation and 440 nm for emission, after a post-column reaction with potassium ferricyanide at 40 C. All assays were conducted at the Japan Food Research Laboratory (Tokyo, Japan).
A statistical analysis was performed by the general linear model (GLM) procedure of the SAS system (version 9.11, SAS Institute, Cary, NC, USA). Breed and sampling stage were designated as the main plot, and the part of the sample, breed Â sample part, sampling stage Â sample part, and breed Â sampling stage Â sample part as the sub-plot. The PDIFF option of the GLM procedure was used to identify the difference among least square means. Each value is expressed as least square mean in order to investigate effect of each factor in this experiment on the thiamin contents. Table 1 indicates the results of the GLM analysis. The Landrace samples had significantly (P < 0:05) higher thiamin contents than the Meishan samples did. The sampling stage and sample part also significantly affected the thiamin content (P < 0:05). In respect of the sample part, the liver thiamin content was significantly lower than the thiamin content in the three muscle types (P < 0:05), and the LT muscle had the highest thiamin content of the three muscle types (P < 0:05). The effects of breed Â sample part, breed Â sampling stage Â sample part and sampling stage Â sample part were significant (P < 0:01) for the thiamin content. Figure 1 presents changes in the thiamin contents of the LT, TB, and BF muscles and liver during porcine growth. In the muscle samples, the thiamin contents were significantly lower at the newborn stage than at the fetal stage (P < 0:05). After birth, the muscular contents of thiamin increased between the newborn stage and 3 months of age (P < 0:05), but the thiamin level remained unchanged after the age of 3 months (P > 0:05). The thiamin content after 3 months was higher in the LT muscle than in the TB or BF muscle (P < 0:05). The liver thiamin level was higher in the fetus than in the 1-month-old pig (P < 0:05), although no further change was apparent after birth. Figure 2 shows differences in muscular thiamin contents between Landrace and Meishan pigs at each y To whom correspondence should be addressed. Fax: +81-29-838-8606; E-mail: ksuk@affrc.go.jp Abbreviations: LT, longissimus thoracis; BF, biceps femoris; TB, triceps brachii measurement stage. The thiamin contents were no different between the fetal and newborn stages (P > 0:05). At 1 month old, the thiamin level was significantly higher as compared to the newborn stage in the Meishan pigs (P < 0:05), although the thiamin content did not change in the Landrace pigs (P>0.05). After the age of 3 months, however, the thiamin levels in the Landrace pigs were higher than those in the Meishan pigs (P < 0:05), this being different from the results at 1 month old. These findings suggest that the thiamin accumulation mechanism in different porcine tissues varies genetically.
Thiamin is an essential vitamin in pigs for carbohydrate and protein metabolism.
4) The thiamin in pigs comes only from the feed, so the effect of dietary thiamin on muscular thiamin contents has been investigated. Shaw et al. 5) have indicated that increasing the thiamin intake increased the loin thiamin concentration. Pence et al. 6) and Miller et al. 7) have presented similar results. Our results indicate that thiamin accumulation was muscle-specific in porcine samples, because the liver thiamin level remained unchanged after birth while the muscular thiamin level increased. We also found that muscular thiamin accumulation started at weaning. On the other hand, although the feed used during the nursing period (1-5 weeks old) contained 0.82 mg/100 g equivalent to thiamin HCl, the thiamin contents in both the muscles and liver remained unchanged before the age of 1 month. The relationship between weaning and thiamin accumulation should be investigated in future studies.
Thiamin accumulation has been investigated in human and mice organs in previous studies. A cellular thiamin uptake requires carrier-assisted transport. 8) Some molecular species of the thiamin transporter have been discovered and their biochemical properties investigated. [9] [10] [11] It has been also clarified that the lack of a thiamin transport system induced a thiamin uptake deficiency, 8) therefore, a carrier-assisted thiamin transport system is required for maintaining the thiamin contents in animal organs. In addition, the expression of thiamin transporting protein mRNA is different among animal species and organs. For example, the thiamin transporter SLC19A3 gene was expressed in human muscle, but not expressed in mouse muscle.
12) However, there is no information about the thiamin transport system in porcine muscles or other organs. We found in the present study that thiamin was highly accumulated in porcine muscles during growth. We consider that there might be a distinct thiamin uptake system in porcine muscles as compared to other animal species and organs. Molecular and cellular studies are needed on musclespecific thiamin accumulation in porcine samples in the future. We also found a genetic difference in muscular thiamin accumulation between Landrace and Meishan pigs. Such a genetic difference might provide one clue to understand the mechanism for muscle-specific thiamin accumulation in pigs. Animals were fed with Kobuta-Etsuke feed for age 1-5 weeks, Kobuta-Sukoyaka feed for age 5-13 weeks, and Friend-U feed after 13 weeks old, containing 0.82, 0.80, and 0.61 mg/100 g of thiamin (equivalent to thiamin-HCl), respectively. Each value is expressed as the thiamin-HCl equivalent and least squares mean AE standard error for Landrace and Meishan breeds. Values with different superscripts differ significantly (P < 0:05). Animals were fed with Kobuta-Etsuke feed for age 1-5 weeks, Kobuta-Sukoyaka feed for age 5-13 weeks, and Friend-U feed after 13 weeks old, containing 0.82, 0.80, and 0.61 mg/100 g of thiamin (equivalent to thiamin-HCl), respectively. Each value is expressed as the thiamin-HCl equivalent and least squares mean AE standard error of three muscle parts. Values with different superscripts differ significantly (P < 0:05). Values with different superscripts differ significantly (P < 0:05). ÃÃÃ , P < 0:01
In conclusion, the present study indicates that thiamin was accumulated in pig muscles after weaning, and that the muscular thiamin contents were different between Landrace and Meishan pigs. However, the liver thiamin content remained unchanged. Further studies are necessary to clarify the mechanism for thiamin accumulation in porcine tissues, especially muscle-specific accumulation and genetic differences.
